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Description 

BACKGROUND OF THE INVENTION 

s    Field of the Invention 

This invention relates to an ink-jet recording process carried out using a liquid formulalion arid an ink (color ink) in 
combination. Mors particularly, it raJata* to «n ink-jet recording process carried out using a liquid formulation and an ink 
(color ink) in combination by applying the liquid formulation and tne Ink (color Ink) together to a recording medium (e.a.. 

tn   plain paper) to form a color image that Is lees causative of the phenomenon of color bleeding and has water fastness. 

Related Background Art 

Ink-jet recording is a process of making a record by ejecting minute droplets of Ink and adhering The Ink to a record- 
is   ing medium such as paper. In particular, an ink-jet recording process of the type ae dicdoccd in Japanese Patent Pub 

Hcatlon No. 61-59911, No. 61-5991H and No, 67-59914, i.e.. of the type in which a heat energy is Im^rted to ink by 
ucing on electrothermal transducer as an ejection energy feeding means to cause the ink to bubble lo eject droplets, 
enables easy materialization of high^density multi-orifice recording head, and hence images with a high resolution and 
a high quality level can be recorded ai a high speed, 

20       However, inks used in conventional ink-jet recording are commonly mainly composed of water and to which water* 
soluble high-boiling solvents such as glycol are added for the purposes of, e.a, preventing inks from drying and pre- 
venting orifice© from clogging. When a rcoord is made on a recording medium using such ink, problems have occurred 
such that no suttiaent fixing performance may be attained, or uneven images may occur which are presumed tn be Hue 
to uneven distribution of fillers and sizing agents on the surface of the recording medium. Especially when color images 

25   are to he obtained, a plurality of color inks are successively superimposed on the recording medium before inks with 
certain colors become fixed thereon, anrj hence there has been a problem that colors may blur or unevenly mix at 
boundaries between images with different colore (this phenomenon is hereinafter called "bleeding") to make it difficult 
to obtain satisfactory images. 

As a means for improving fixing performance to cope with such problems, Japanese Patent Application Laid-open 
30   No. 55-65289 discloses a method in which a compound capable of increasing its permeation, such as a surface active 

agent, is added in ink. Japanese Patent Application Laid-open No. 55-66976 also discloses use of an ink mainly com- 
posed of a volatile solvent. In the former method, in which a surface active agent is added in ink, fixing performance and 
bleeding can oe improved and prevented to a certain extent as a result of the increase in ink permeation into the record- 
ing medium. I lowever, coloring materials in the ink also permeate into the recording paper to a great depth to cause 

3J   difficulties such as a decrease in image optical density and a lowering of chroma. In addition, it al60 cause a spread of 
ink in the lateral direction, which consequently may also cause the problems ot a decrease in edge sharpness of dots 
and a lowering of resolution. Ac for the latter method, in which an ink mainly composed of a volatile solvent is used, not 
only the dimculties occurring in the former method may occur, but also clogging due to evanoratinn nf solvents undesir- 
ably tends to occur at norrles of the recording head, undesirably. 

40        To overcome audi problems, methods are also proposed in which a liquid that enables formation of good images 
is previously applied to the recording medium before ink Is ejected. For example, Japanese Patent Application Laid- 
open No. 58028862 discloses an apparatus in which a liquid that can improve ink fixing performance is superimpoe- 
inejy applied to ink recording positions by the use of a recording, head different from ink ejecting heads. Japanese Pat- 
ent Application Laid-open No. C3-C07Q3 also discloses a method in which a liquid having a basic polymer is applied and 

45   thereafter an ink containing an anionic dye is applied to make a record. Japanese Patent Application Laid-open No. 63- 
22661 still also discloses a recording method in whlcn a first liquid containing; reactive cnemical species and a liquid 
containing a compound capable of reacting with the reactive ohemical species are mixed on a recording medium. Jap- 
anese Katent Application Laid-open No. 63-299971 further discloses a method in which a liquid containing an organic 
compound having at least two cationic groups per molecule are applied lo the recordiny medium and thereafter the 

50   recording is performed uaing an ink enntaining an anionic dye. Japanese Patent Application Uid-open No. 64-9279 
also discloses a method In which an acidic liquid containing succinic acid or the like is applied onto a recording medium 
and thereafter the recording ic performed using an Ink containing an anionic dye. Japanese Patent Application Laid- 
open No. 64-63185 still also discloses a method in which a liquid containing a cationic pnlymar and capable of making 
dyes insoluble by aggregation is imparted to the recording medium before the ink is imparted thereto. 

SS        Meanwhile, as moans for making images highly minute, various methods have been proposed. With an improve- 
ment in resolution of ink-jet recording, a meihod is Becoming prevailing in which ink ejection volume per dot or a record- 
ing head is made smaller than ever. For example, ac rcgardc the resolution, the purauit thereof advances from 000 dpi 
and 360 ODI toward 600 doi. 720 doi and much higher resolution. Concurrently with this, as regards the ink ejection vnl- 
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ume per dot, the pursuit of recording heads continues toward 40 pi, 23 pi and much smallei ejection volume. 
Under such ciiuumslajices, aL$o in plain-paper color recording^techniques in which as previously stated a liquid for- 

mulation different from ink is impacted to ink recording positions by the use of an ink-jet recording heed SO that various 
performances ot inK-iet recorded images oh^eSecordinQ tttbiui^^-oe^f^ip^ved/ IT is sought to more Improve the. 

5 reliability of liquid formulations for aggregating' the dyes,or pigmcntc in inkc, the reliability including not only frequency 
characteristics, ejaction stability and durability, but also the properties of hardly causing clogging (in the present inven- 
liuf i, hatm laflw call«sJ "ami-slicking peifoi niance") and ejection stability required after a pause of recording for a certain 
period cf time (in the present invention, called "start-up performance") - 

However, when any component, e.g., the eatlonlc polymer, used In the liquid formulation for aggregating the dyes 
io or pigments in inks aa disclosed in the prior art ia applied in the recording head for highly minute recording ac ctated 

above, having a small ink ejection volume per dot, e.g.. having 2 to 25 ol ink ejection volume per dot. it has been difficult 
io satisfy Ihe reliability of Ihe liquid formulations, such as frequency characteristics, ejection stability, durability, anti- 
sticking performance and start-up performance. 

is   SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an ink-jet recording process carried out by using a liquid 
formulation and an ink in combination. th$ liquid formulation being the ona that can satisfy the reliability such as fre- 
quency characteristics, ejection stability, durability, anti-sticking performance and start-up pet fur mauve even when the 

&> recording hood ac ctated above ic ucod, having a email ink ejection volume per dot. e.g., having 2 to 25 pJ (picolitter) 
ink ejection volume per dot 

The above object can be achieved by the invention described below. 
That is, the present invention provides an ink-jet recording process for forming a color image on a recording 

medium U6lng a liquid formulation and a color Ink in combination, wherein the liquid furrnulatiori wniaina * cationic pol- 
cs   ymcr having a weight average molecular weight in the range of from 400 to 1,400, and said liquid formulation and said 

ink are each ejected from a recording head having an ink ejection volume per dot of from 2 to 25 pi (picoiineo. 

BRIEF DESCRIPTION OF TWE DRAWINGS 

30        Fig. 1 ic a longitudinal crocs section of a head assembly of an ink-jet recording apparatus. 
Hg. 2 is a transverse cross section or me nead assembly of an ink-jet recording apparatus. 
Fig. 3 ia a perspective illustration of the appearance of a multr head assembly compriccd of tho hoad assembly 

shown in Fig. 1. 
Fig. 4 is a perspective illustration uf an example uf an ink-jol recording apparatus. 

35        Fig. 5 is a longitudinal cross section of an ink cartridge. 
Hg. 6 is a perspective illustration of an example of a recording unit. 
Hg. 7 is a perspective illustration of the recording section in which a plurality of recording hcodc arc arranged. 
Fig * is a parspectiva illustration of another embodiment of recording heads used in the present invention. 
Fig. $ illustrates a first example of the construction o! recording heads. 

to        Fig. 10 illustrates a second example of the construction of recording heads, 
hg. 11 illustrates a third example or the construction of recording heads. 
Fig. 12 shows a print pattern used in the evaluation of start up performance. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, especially in a recording process carried out bv using a recording head having 
an ink ejection volume per dot of from 2 to 25 pi and using a liquid formulation containing a cationic polymer, and a color 
ink in combination, a liquid formulation containing a cationic polymer having a weight-average molecular weight in the 
range of from 400 to 1,400 Is used. This makes It possible to improve the image optical density, image uniformity, color 

so Weeding prevention and durability of Images on recording media, and also to satisfy various reliability, i.e.. ejection sta- 
bility (frequency characteristics], election durability, start-uo performance and anti-sticking performance. 

The reason why such a liquid formulation used in the present invention has the remarkable effect ac ctated abovo 
is unclear It fc presumed that the following phenomenon occurs between the cationic polymer contained in the liquid 
formulation and the coloring mattei curtained In the ink and cunsequanlly Ihe above operational effect is brought about. 

ss That is, when an ink containing a water-soluble dye having an anionic group is used as the ink, a low-molecular 
weight component ot the cationic ooiymer in the liquid formulation combines with the flye oy ionic and/or molecular 
mutual action to cause separation of the dye from the liquid phase, thus aggregates of the dye are formed. Also in the 
raso ot a pigmanr ink containing an nr,\on\c compound, a Icw-mclecular weicht comoonant of the cationic pdymQr in 
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the liquid formulation combines w[th the pigment by Ionic and/or molecular mutual action to cause dispersion failure of 
the pigment, thus aggregates of the pigment arc formed. 

Then, the aggregates of the dye or the aggregates of the pigment are subsequently adsorbed on a high-molecular 
weight component of the cationic polymer to form aggregates with a larger size, $o that it becomes difficult for these 

s aggregates to enter the gaps between fibers of a recording medium euch aa paper, and hence tho mobility of tho dye 
or pigment on the reenrriing medium become wry smaller than the mobility nf snlvent. Thus, since this reaction takes 
place at a very high rate, it becomes possible to form the above high-grade images by ink-jet levordiny, as so pie* 
sumod. 

At the same time, the aggregates themselves produced by the mechanism as stated aDove, formed or tne canonic 
io polymer and the anionic dye or the anionic compound and pigment in the pigment ink. come to have a lower fluidity and 

do not migrate concurrently with the movement of the liquid medium of the ink. Hence, even when adjoining dots are 
formed of inks with different colors as in the case when full-color images are formed, they by no means mix one another, 
and the bleeding may occur with difficulty. Also, since .the above aggregates are substantially water-insoluble, the 
images formed can have a very improved water fastness. 

ic In carrying out the present invention, cincc the cationic polymer having a weight average molecular weight of from 
400 to i .400 is used, the liquid formulation containing such a cationic polymer can be free from an increase in viscosity. 
This is advantageous for ejection performances such as frequency response, stable ejection volume and stable ejection 
velocity when the liquid formulation is applied to the recording medium by the use of an ink-jet recording head, in par- 
ticular, an On-Demano type tnermai lnfrjet recording head. Also, it Is unnecessary to use polybasic mstal salts in order 

so   to make coloring matterc aggregate or insoluble, and hence there ie an advantage such that no problem of kogation 
(scorching) may occur on the heating heads. This can be an additional effect attributable to the present invention. 

The present invention will be described below in greater detail by giving preferred embodiments. 
The liquid formulation used in the present invention will be described first. As the cationic polymer used in the liquid 

formulation, a cationic polymer having a weight average molecular weight in tne range of from 400 to i ,4oo Is used. So 
£5 long as the liquid formulation containing cuch a cationic polymer ic uccd, tho variouc reliability ac stated previously can 

be attained evenwhen used in a recording head having such a small ejection orifice area that its Kouid election volume 
per dot is 2 to 25 pi. 

The reason therefor is as follows* The cationic polymer having a weight average molecular weight nf from 400 tn 
1.400 Is so much highly water-soluble that the liquid formulation may be difficult stuck on nuzzle tips on acuuunt of d low 

30   viscosity of aqueous polymer solution even when water evaporates from the nozzle tips, and also that the liquid formu- 
lation can be controlled to have a low initial viscosity ana evaporation viscosity. As the result, the reliability such as ami- 
sticking performance, ejection frequency response and start-up performance can be ensured in actual use. 

In the present invention, the cationic polymer has the weight average molecular weight in the above range, but the 
polymer may preferably not have a narrow molecular weight distribution, but contain a polymer with a relatively low 

3S molecular woight and a polymer with a relatively high molecular weight. The reason therefor is as previously stated. A 
mixture of cationic polymers having such different molecular weights may preferably be divided into a Dlurality of frac- 
tions, e.g., a low-molecular region and a high-molecular region, when the molecular weight distribution of the mixture is 
measured by GPO (gel permeation chrnmatnoraphy). 

The cationic polymer used in the present invention may include, e.y., poiyallylamine, uvlyamine sulfuric, a copcly- 
*o   mcr of thece, and polyvinylaminc. Of these poiyallylamine ic preferably ueod in the present invention, which especially 

enables easy control of molecular weight and molecular weight distribution, The weight average molecular weight 
referred to in the present invention means a weight average molecular weight measured by GPC using polyethylene 
glycol as the standard. 

The liquid formulation used in the present Invention Is prepared by dissolving In an aqueous medium the cationic 
it polymer ac described above. In the aqueous medium, the cationic polymer may be in a concentration ranging usually 

from about 1 to 10 % by weight and preferably from about 2 to 6 % by weight. If the canonic polymer is in a too nign 
concentration, the resultant liquid formulation may have a too high viscosity. If on the other hand the cationic polymer is 
in A ton low concentration, the water fastness nf images, color hleading prevention and sn forth on the recording 
medium can not be satisfactory. 

so The aqueous medium in which the cationic polymer is dissolved may be a mixed solvent of water and a water-sol- 
uble organic solvent, AS the water, it is preferable to use not usual cjty water containing various ions, out ion-exchanged 
water (deionized water). 

The water-soluble organic solvent used as a mixture with water may include, e g. alkyl almhnls havino 1 to 4 car- 
bon atoms, such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol 

65 and tert-butyl alcohol; amides such as dlmethylformamlde and dimethylacetamide; ketones or koto-alcohols such as 
acetone ana diacetone alconoi; etners sucn a6 tetranydroruran ana aioxane; oolyalkyiene glycols such as polyethylene 
glycol and polypropylene glycol; alkytene glycols the alkylene group of which has 2 to 6 carbon atoms, such as ethylene 
glycol propylene glycol, hirtyione glycol. tn<?thyii?ne glycol. hayyljan* glycol and riiethylen* glycol; 1 .P.fi-hexanetrinl: fhi- 
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odiglycol; glycerol; lower alkyl ethers of polyhydric alcohols, sudi as ethylene glycol monomethyl or -ethyl ether, dieth- 
ylcnc glycol methyl or ethyl ether and triothylone glycol monomethyl or -ethyl other; and also N-mQthyl-2-pyrroIidono, 2- 
pyrrolidone. and 1,3<iirnethyl-2Hrnidazolidinone. Of these many water-soluble organic solvents, polyhydric alcohol such 
as diethyiene glycol, and lower alkyl ethers of polyhydric alcohols such as triethylene glycol monomethyl or -ethyl ether 

s    are rwtimilAriy preferred 
The water-soluble organic solvent as described above may be contained in an amount ranging usually from 3 to 50 

% by weight, and preferably from 0 to 40 % by weight, based on the total weight of the liquid formulation. The water may 
be contained in an amount ranging frnm M to 30 % hy weight, and prafarahly frnm 30 tn fcfl % hy weight, hased nn ihe 
total weight of the liquid formulation. 

70 In the prcecnt invention, it hoc bocn aleo diccovcrcd that the ctart-up performance etated previouely can be moro 
improved when a water-6olubJe organic solvent such as a Methylene glycol monoalkyl ether or a diethyiene glycol 
monoalkyl ether is used in the liquid formulation in a proportion of from 0.5 to 5 % by weight. Guch a water-soluble 
organic solvent may specifically include, e g , Methylene glycol rnonohutyl ether, triethylena glycol monomethyl athar, 
diethyiene glycol monobutyl ether, and diethyiene glycol monomethyl ether. In particular, Methylene glycol monobutyl 

is   ether or diethyiene glycol monobutyl ether is more preferred. 
In the liquid formulation, glycerol may preferably be used tor the purpose of improving the anti-sticKing penormance 

attributable to the cationic polymer such as polyallylamlne. The glycerol may preferably be contained in an amount 
ranging from 2 to 10 % by weight h**ari nn the tntel waight nf the liquid fnrmulatinn 

In the liquid formulation used in the present invention, an amine having Q or mure carbon atoms may preferably be 
20   incorporated. Of the amino, it is more preferable to use a quaternary amine. When such an amins is Incorporated, 

although the reason is unclear, heating heads in ink-jet recording apparatus can be made to have a remarkably long 
lifetime, a liquid formulation ©table for a long period time can be obtained and the ejeotion stability can bo ensured. 

Such a quaternary amine may include, e.g.. quaternary ammonium salt type compounds, stated specifically, lau- 
i ylUimelhylaminonium chloride, lauryldimethylbenzylammonium chloride, benzyltributyiammonium chloride and benza- 

25   Itanium chloride; pyridinium salt type compounds, stated specifically, cetyl pyridinium chloride and cetyl pyridinium 
bromide. Of these, benzaikomum chloride is particularly preferred. The quaternary amine in the liquid formulation may 
be in a concentration ranging usually from 0.1 to 6 % by weight, and preferably from 0.2 to 2 % by weight 

The liquid formulation usnri in the present invention may preferably have a pH in the range of from 3 to 11. and more 
preferably a uH in the ranye uf fium 6 to 9, A pH adjuster used lo provide audi a pH range may include, e.g., acids such 

3o as acetic add, hydrochloric acid, p-toluenesulfonic acid, lactic acid and propionic acid, but without limitation to these. 
The liguid formulation used in the present invention may also preferably have a surface tension in the range of from 25 
to SO dyn/om, and more preferably from 30 to 40 dyrvem. The liquid formulation uccd in the prcecnt invention may aleo 
preferably have a viscosity in the range of from 1.3 to 5 cP (centi poise), and more preferably from 1.5 to 3 CP. 

Tlie coloring mailer-containing ink used in the present Invention in combination with the liquid formulation 
55   described above will be described below. 

In the ink used in the present invention, it Is preferable to use as the coloring matter a water-soluble dye containing 
an anionic group, or, when a pigment ia used as the coloring matter, to uae an anionic compound in combination with 
the pigment. Such an ink used in the present invention may further optionally contain water, a water-soluble organic sol- 
vent and ullier cgniponenls as exemplified by a viscosity modifier, a pH.adjuster, an antifungal agent, a surface active 

to   agent and an antioxidant. 
As the water-soluble dye having an anionic croup, used in the present invention, may be any of water-soluble acid 

dyes, direct dyes and reactive dyes listed in the COLOUR INDEX, without any particular limitationc co long ac they aro 
water-soluble dyes having an anionic group. Dyes not listed in the COLOUR INDEX may also be used without any par- 
ticular limitations so long as they are those having an anionic group, e.g., a sulfonic group or a carboxyl group. The 

45   water-soluble dye herein referred to also includes of course those having a dependence of solubility on pH. 
As the water-soluble organic solvent contained in the ink in which the water-soluble dye as described above is con- 

tained, the water-eoiuble organic oolvent used in the liquid formulation previously described may be usod similarly. The 
content of such a water-soluble orQ&nic solvent in the ink may be in the same preferable range as in the case of the 
liquid formulation used in Uie present invention. The ink may also have physical properties in entirely the same range 

50 as in the case of the liquid formulation. However, with regard to surface tension of the ink. the ink may preferably be 
made to have a higher surtace tension than tne surface tension or tne liquid rormulatlon of the present Invention since 
the recording process ol the present invention ©an be thereby effectively carried out in some oacoc. Thic ic presumably 
because, when the surface tension of the both is controlled in this way. the liquid formulation which is shot first in the 
printing piocess exhibit* audi an effect thai Ihe ink which is shol later can have a uniform wettability on the recording 

SS   medium, though details are unknown. 
In the present invention, in the case when the ink containing a pigment is used, an anionic compound such as an 

anionic surface active agent or an anionic polymeric substanoe may preferably be added bccidcc the componcntc 
described above in respect of the dye-containing ink. An amphoteric surface active aoant may be incorporated after its 
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pH IS adjusted to a pH not lower than lis isoelectric point. As examples of the aniunic surface active agent used In such 
an instance, any of thocc commonly uccd may be preferably used, including carboxyiic acid salt types, sulfuric acid 
ester types, sulfonic acid salt types and phosphoric acid ester types, AS examples or the anionic polymer, it may include 
alkali-soluble resins, stated specifically, potassium polyacrylate or tho3e prepared by partial copolymerization of a pol- 
ymer with acrylic add, but without limitations thereto of course. 

In the case whan the pigment is used as the coloring; matter of the ink used in the present invention, the pigment 
may be used in an aiiKJurit ranyiny from 1 10 20 % by weight, and preferably from 2 to 12 % by weight, in weight ratio, 
based on the total weight of the ink. 

The pigment used in the present Invention may specifically include carbon black as a pigment used in black ink, as 
exemplified by carbon black produced by the furnace procccc or the channel proccco. Those having properties such as 
a primary particle diameter of from 15 to 40 mu. a specific surface area of from 50 to 300 m2/g as measured by the Bb I 
rrielhuJ, a DBP oil absorption of from 40 to 100 mi/100 g, a volatile content of from 0.5 to 10 % and a pi I value of from 
2 to 9 may preferably be used. Commercially available products having such properties are exempt iert by Nn 2300, 
No. WO, MCF8S, No. 33, No. 40, NO. 45, NO. 52, MA7, MA8. and No. 2200B (trade names; ail available from Mitsubishi 
Chemical Industries Limited); RAVEN 12S6 (trade namo; available from Columbian Carbon Japan Limited); REGAL 
400R. REGAL 330R. REGAL 660R, and MOGUL L (trade names: all available from Cabot (Jorp.j; OJLOH BLACK 
FW1. COLOR BLACK FW18, COLOR BLACK Sl70, COLOR BLACK S150, PRINTCX 35. and PRINTEX U (trade 
names; all available from Hegussa Japan Co. I tri). flny of which may preferably be used. 

As a pigment used in yellow ink, it may include, e.g.. C.I. Piymeni Ydluw 1, CJ. Pigment Yellow 2, C.I. Pigment Yel- 
low 3, CI. Pigment Yellow 13, CJ. Pigment Yellow IS and CJ, Pigment Yellow S3. As a pigment used in magenta ink. it 
may include, e.g., C.I. Pigment Hed 5, CJ. Pigment Hed /, CJ. Pigment Red 12, CJ. Pigment Red 48 (Ca), CJ. Pigment 
Red 48 (Mn), CJ. Pigment Red 57 (Ca), CJ. Pigment Red 112 and CJ. Pigment Red 122. As a pigment used in cyan 
ink. it may include, e.g., CJ. Pigment Blue 1. CI Pigment Rlufl?, CI Pigment Blue 3. CJ. Pigment Blue 15:3. CJ. Pig- 
ment Blue 16, CJ. Pigment Blue 22. CJ. Vat Blue 4 and CJ. Vat Blue 6. Examples are by no means limited to these. In 
addition to the forogoing, it ie of course possible to use pigments newly produced for the present invention. 

As a dispersant incorporated in the ink wnen the pigment is used, any of water-soluble resins may be used, it is 
preferable to use those having a weight average molecular weight in the range of from 1,000 to 30,000, and more pref- 
erably from 3.000 to 15,000 Such dispersants may specifically include block copolymers, random copolymers or graft 
copolymers comprised of at least two monomers (at least one of which is a hytirQphilic monomer) selected from sty* 
rene, styrene derivatives, vinyl naphthalene, vinyl naphthalene derivatives, aliphatic alcohol esters of ethylenicaily 
unsaturated a,f3-carboxy!ic acids, acrylic acid, acrylic acid derivatives, maleic acid, maleic acid derivatives, itaconlc 
acid, itaconic acid derivatives, fumarie acid, fumaric acid derivatives, vinyl acetate, vinyl pyrroiidone, aorylomidc, and 
derivatives thereof; or salts nf thaaa Natural raaina such aa rnsin, shellac and starch may also preferably be used. 
These resins are alkali-soluble resins which are soluble in an aqueous solution in which a base has been dissolved. Any 
of theee water-soluble resins used as dispersants for the pigment may preferably be contained in an amount ranging 
from 0.1 to 5 % oy weight based on tne total weight of the ink. 

In the case of the ink containing the pigment, it is preferable for the whole ink to be adjusted to neutrality or the alka- 
line, side. By doing so, the snluhility of the watar-soluble resin used as the pigment dispersant can be improved to obtain 
inks having a much better lung-term stuiaye stability. Us pH may preferably be adjusted in the range of from 7 to 10. 

Ae pH adjusters used in such adjustment, they may include, e.g., various organic amines such as diethanolamine 
and triethanclamine. inorganic alkali agents including alkali metal hycrcxiaes such as sodium hydroxide, lithium hydrox- 
ide and potassium hydroxide, and various organic acids and mineral acids. 

The pigments and dispersants: as described above are dispersed or dissolved in an aqueous medium. Here, as the 
aqueous medium preferably usable in the pigment-cunlaininy inks, the aqueous medium used in the liquid formulation 
previously described may be used similarly. The content of the water-soluble organic solvent in the ink may be in the 
same preferable range as tnat of the liquid formulation. I he ink may also nave physical properties in entirely the same 
range as in the case of the liquid formulation. 

With regard to surface tension of the ink, addition nf a lower alcohol and so forth, too. they may be the same as 
tnose In the case of the dye-conialning inks. However, with regard to the additiun of a lowwr alcuhol, Ihe solvent may be 
added in a dieporeion of the pigment, whereby bubbles can be pr©vented from occurring at tho time of dispersion treat- 
ment and the dispersion treatment can be efficiently earned out. 

The water*soluble organic solvent may be contained in the pigment-containing ink in an amount ranging usually 
from 3 to 50 % by weight, and preferably from 3 to an % hy weight, baaed on the total weight of the ink. The water may 
be contained in an amount ranging from 10 to 90 % by weight, and prefeiably from 30 lo 80 % by weight, based on the 
total weight of the ink. 

In the case when the pigment dispersant incorporated in the ink is not an anionic compound, the anionic compound 
must be further added in the ink. The anionic compound preferably usable in the prcccnt invention may includo tho pol- 
ymeria RI ihctanr.Qc cunh as alkali-soluble rasins described in respfic? of the pigment dispersant and besides low-molec- 
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ular weight anionic surface active agents. 
As specific exanples of the low-molecular weight anionic surface active agents, they ma/ include dodecyl discdium 

sulfosuccinate, polyoxyethylene lauroyl ethanelamide discdium sulfosuccinate, polyoxyethylene alkyl discdium sulfo- 
succinates, carboxyiated polyoxyethylene dodecyl ether sodium salts. polvoxyetnyiene aooecyl ether sodium sulfate. 

6 polyoxyethylene dodecyl other triathanolamina sulfate, pclyoxyethylene alkyl ether aodium sulfates, alkyl sodium sul- 
fates and triethanolamine alkyl sulfates, but are by no means limited to these. 

The anionic compound as described above may preferably be contained ?n Hie ink in an amount ranyiny figm 0.05 
to 10 % by weight, and more preferably from 0.05 to 5 % by weight, based on the total weight of the ink. 

In addition to the above components, the ink containing the pigment as used in me present invention may be option- 
to ally appropriately incorporated with a curfacc active agent, a defcaming agent, an antiseptic and so forth in order to 

make the ink have the desired physical properties. In addition to the above pigment, a water-soluble dye or the like may 
also be appropriately added as the coloring matter. 

The surface active agent added in The ink in such an instance may include anionic surfec* active agents such as 
fatly acids, hiyhw alcohol sulfates, liquid fatty acid sulfates and alkylallyl sulfonates; and nonionic surface active agents 

is such as polyoxyethylene alkyl others, polyoxyethylene alkyl esters, polyoxyethylene sorbitan alkyl esters, acetylene 
alcohols and acetylene glycol; at least one o? which may be used under appropriate sanction, it may preferably be used 
in an amount of approximately from 0.01 to 5 % by weight based on the total weight of the ink, which may vary depend- 
ing on the type of the riisp«rsant incorporated in the ink In this instance, the amount of the surface active agent may 
preferably be so determined that the Ink may have a surface tension of 30 dyn/cm or above. This Is because. IT the Ink 

so shows a surface tension smaller than this value, it may bring about undeeirable resuite, e.g.. print slippage (positional 
deviation of ink-droplet impact) due to nozzle-BD wetting, when recorded by the ink-jet recording system employed in 
the present Invention, 

The ink containing the pigment as described above may he prepared in following way First, the pigment is added 
lo the aqueous medium comprised of at least the dispersant water-soluble resin and the water, and the resultant mix- 

2$   tura is stirred, followed by dispersion by a dispersion means described later and optionally eentrifugation to obtain a 
desired dispersion, Next, to this dispersion, a sizing agent and the additive components as previously described and 
appropriately selected are added, followed by stirring to form the ink used in the present invention. 

In the case when the alkali-snluhla rosin is used AS the dispersant, it is necessary to add a base in order to dissolve 
Ui« resin. In this instance, an amine ur base fur dissolving the resin must be added In at least one-fold amount of the 

30   weight of the amine or base, the weight being found by calculation from the acid value of the resin. TUG weight of the 
amine or base Is found by the following expression. 

Weight (g) of amine or base = [acid value of resin x molecular weight of amine or base x rasin weight (g)]/5.600 

.1* In addition, before the aqueous mixture containing the pigment is dispersed, the mixture may be premixed for at 
least 30 minutes to thereby improve dispersion efficiency, This pre-mixing is carried out to improve the wettability of pig- 
ment curfaccc and accelerate the adsorption of the dieper3ant on the pigment surfaces. 

The dispersion means used when the pigment Is dispersed as described above may be any of dispersion machines 
commonly used, including, e.g., a ball mill, a roll mill and a saixJ mill, in particular, a high-speed type? sand mill may uief- 

40   erably be used. Such a sand mill may include Super Mill, Sand Grinder, BeadG Mill, Agitator Mill, Grain Mill, Daino Mill. 
Pearl Mill ana Cooail Mill (all trade names). 

Ac the recording medium used In the recording process of the preaent invention, there are no particular limitations 
thereon. What is called plain paper such as paper for copying and hnnri paper conventionally nseri may preferably ha 
used. Of course, coalbd papers specially prepared for ink-jet recording or OHP transparent films may also preferably 

4s   ba used. Usual woodfree paper and glossy paper may still also preferably be used. 
A recording apparatus preferably usaoie in the recording procsss of the present invention will be described below, 
In the present invention, preferably used is an ink-jet recording process in which recording signals are imparted to 

the liquid formulation (or ink) in the recording heart to eject ink droplets therefrom by the action of heat energy thereby 
produced. Figs. 1, 2 and 3 show the construction of the recording Mead, which is a main component of such an appa- 

m ratus. 
In Pig. i, a heao 13 Is formed by bonding a glass, ceramic or plastic plate or the like having a groove K through 

which an ink iG passed, to a heating head 15, which is ueed for thermal recording (in Fig. 1 and 2, an illustrative example 
is shown, however, the invention is not limited). The heating head 15 is composed nf a protective film 1ft made nf silicon 
oxide or the lika, aluminum electrodes 17*1 aixj 17-2, a healing resistor layer 18 made uf nicruorne ur the like, a heat 

55   accumulating layer 1 g, and a substrate 20 made of alumina or the like having a good heat radiating property. 
An ink 21 comes up to an ejection orifice (a minute opening) & and forms a meniscus d'6 due to a pressure K 
Now, upon application of clcotrio signals to the electrodes 17 1 and 17-2, the heating head 15 rapidly generates 

heat at the reoion shown by n to form bubbles in the ink 21 which is in contact with this region. The meniscus 23 nf the 
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ink is projected by trie action of the pressure thus produced, aiKJ the ink 21 is ejected from Die orifice 22 to a recording 
medium 26 in tho form of ink droplets 24. 

The multi-head as illustrated in Fig. 3 is formed by desely bonding a glass plate 97 having a number nf channels 
26 io a heating head 28 similar to the head as illustrated in Fig. i. 

5 Pig. 1 is a cross sectional view of a hood 13 taken along the flow path of the ink, and Fig. 2 ic a crocc-cectional viow 
taken along line 2-2 in Fig. 1. 

Fig. 4 illustrates an example of an ink-jet recording apparatus in which such a head has been incorporated. 
In Fig.4, reference numeral 61 designates a Wade serving as a wiping member, one enrl of whir.h is a stationary 

end held by a blade-holding member TO form a cantilever. The blade 61 is provided at a position adjacent lo a region in 
10 which tho recording head 65 operates, and in this embodiment, is held in such a form that it protrudes into the course 

through which the recording head 65 is moved. Heference numeral 62 indicates a cap. which is provided at a home 
position adjacent to the blade G1, and is so constituted that it moves in a direction perpendicular to a direction in which 
the recording head 65 is moved and comes into contact with the facs of ejection openings tn nap it. Reference numeral 
63 designates an Ink-absorbing member provided adjolningly to the Wade 61 and, similar to the blade 61, held in such 

is a form that it protrudee into the couree through which the printing head 65 is moved. The above-described blade 61, 
cap 62 and absorbing member 63 constitute an ejection-recovery portion 64, where the blade 61 and absorbing mem- 
ber 03 remove water, dust and/or the like from the face of the ink-ejecting openings. 

Reference numeral 65 designates the recording head having an fijedinn-eneroy-gfinerating means and serving to 
eject the ink onto the recording medium set in an opposing relation to the ejection opening face provided with ejection 

20 openings to conduct recording. Reference numeral 66 indicates a carriage on which the recording head 65 is mounted 
so that the recording head 65 can be moved. I he carriage 66 is slidably interlocked with a guide rod 67 and is con- 
nected (not illustrated) at its part to a belt 09 driven by a motor GO. Thus, the carriage 66 can be moved along the guide 
rod 67 and henna, the reeording head fiJ5 rian he moved from a printing region to a region adjacent thereto. 

Reference numeral 31 denotes a feeding part from which recording mediums ai* inserted, and 52, a feed roller 
3£ driven by a motor (not shown). With such construction, the recording medium is fed to the position opposing to the ejec- 

tion opening face of the recording head 65, and, with progress of recording, outputted from an output section provided 
with an output roller 53. 

In the ahnve construction, the cap 62 in the head roco^ry portion 64 is receded from the oath of motion of the 
recording head 65 when the \ warding head 65 is relumed to its home position, for example, after completion of printing, 

30 and the blade 61 remains protruded into the path of motion. As a result, the ejection opening face of the recording head 
65 is wined. When the cap 62 comes into contact with tha ejection opening face of the recording head 65 to cap It. the 
cap S6 ia moved so as to protrude into the path of motion of the recording head 66. 

When the recording head 65 is moved from its home position to the position at which printing is started, the cap 62 
and the blade 31 are at the same positions as the positions for the wiping as described above. As a result, the ejection 

as   opening face of the recording head 65 is also wiped at the time of this movement. 
I he aDove movement of the recording head bo to its home position is made not only when the printing is completed 

or the recording head is recovered for ejection, but also when the recording head is moved between recording regions 
for the purpose nf recording, during which it is moved to the home position adjacent to each recording region at given 
intervals, where the ejection opening face is wiped in accordance with this movement. 

40 Fig. 5 illustrates an exemplary ink cartridge 45 in which an ink to be fed to the head through en ink-feeding member, 
tor example, a tuoe is contained. Here, reference numeral 40 designates an ink container portion containing tne ink to 
be fed, as exemplified by a bag for the ink. One end thereof is provided with a stopper 42 made of rubber. A needle (not 
ilii istrated) may he inserted into this stopper 42 so that the ink in the bag 40 for the ink can be fed to the head. Reference 
numeral 44 indicates an ink-absoruirig member for receiving a waste ink. it is preferred in the present invention that the 

is Ink container portion is formed of a polyolefin, in particular, polyethylene, at ite surface with which the ink comas into 
contact. 

The ink-jet recording apparatus according to the present invention is not limited to the apparatuc ac described 
above in which the head and the ink cartridge are separately provided. Therefore, a device in which these members are 
integrally funned as sliown in pjy. e can also be preferably used. 

50 In Fig. 6, reference numeral 70 denotes a recording unit, in the interior of which an ink absorber that has held an 
ink is contained. The recording unit is so constructed that the ink in such an ink absorber Is ejected In the form of Ink 
droplets from a head 71 having a plurality of orifices. Ae a material for the ink absorber, polyurethonc may be uccd. for 
example. Reference numeral 72 denotes an air path opening through which the interior of the cartridge is made to com- 
municate with the atmosphere. 

66 This recording unit 70 can be used in place of the recording head shown in Fig. 4, and is detachably mounted to 
the carriage 66. 

In the foregoing description, the recording apparatus u3ed in tho present invention ic exemplified by the ink-jet 
r»mrriing apparatus, in which heat eneroy is applied to the ink to eject ink droplets. Besides, a oiezo type ink-jet record- 
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irig apparatus employing a piezuelectric device can albo be similarly used. 
When the recording process of the present invention Is v*orked, a recording apparatus in which five recording 

heads comprising the roconding head as previously shown in Fig. 3 am arranged nn a carriage 80 is usad, for example. 
Fig. 7 shows an example thereof. Reference numerals 81, 82,83 and 34 denote recording heads fur ejecting a yellow 

s ink, a mogonta ink, a cyan ink and a black ink, respectively. Reference numeral 85 denotes a recording head for ejecting 
the liquid formulation. The heads are provided in me recording apparatus described aDove. ana eject the inKs of respec- 
tive colore in accordance with recording signals. 9efore their ejection, the liquid formulation is previously applied to at 
least the part where the ink of each cdor will be applied to the recording medium 

In Pig, 7, an example Is shown In which the five recording heads are used, but is by no means limited lu it. An 
10   instance is also preferable in which, ox chown in Fig. 3, recording ic performed using one recording head having sepa- 

rate liQUid channels respectively for the yellow, magenta, cyan and black inks and the liquid tormuiation, 
Of course, the heade may also be disposed in the manner that the liquid formulation and inks are ejected In record- 

ing order roverse to ths ord«r described abova 
As specific examples of the disposition of trie ink-jet recording J leads preferably used in the present invention, iL 

is   may include three types as shown in Figs. 9 to 11. 
In Figs. 9 to 11. letter symbols Y, M. c and Bk denote recording heaas tor ejecting yellow, maaenta. cyan and black 

inks, respectively. Letter symbol G denotes a recording head for ejecting the liquid formulation. The respective recording 
heads are arranged nn a narriaga In the same manner as shown in Fig. 7 (hut different according to the mannar of con- 
struction). Tire respective recording heads aredispused on the reuuidiny apparatus described above, and the respec- 

so tn/9 color inks are ejected therefrom in accordance with recording signals. Before or after thsir ejection, the liquid 
formulation is made to adhere to at least the areas where the respective color Inks adhere to the recording medium. 
The recording heads are moved by the carriage in the direction of an arrow (1), and the recording medium ie moved by 
feed rollers and so forth in the direction of an arrow (2). 

First, Fig. 9 shows a first example of construction, where 3. Bk, Y, M and C recording heads are arranged in parallel 
55 on the carriage. Fig. 10 shows a second example of construction, comprised of recording heads for liquid formulation 

and black ink which are arranged in parallel and Y, M and C recording heads which are arranged in parallel to the 
former's two recording heads and in series to one another. Here, the rccpcctivo recording heade need not necessarily 
have the sama ejection volume per dot. and the ajection volume per dot (Vd) of each recording head maybe controlled 
so as to provide an optimum recording suitability in accordance with, e.g., the make-up of the liquid formulation. Pref- 

20 enable construction is that the S, Y, M and C recording heads have the same Vd and the Rk recording heads haa a Vri 
twice the farmer, but without limitation thereto. 

In a third example of oonstruotion as shown in Fig, 11, Bk S, Bk, Y M and C recording heads having the same ejec- 
tion volume per dot are arranged in parallel on the carriage, so that the ejection quantity of black inK can De twice me 
ejection quantity of other' liquid formulation and color inks. In the construction shown in Tig. 11, too, the 0. Dk Y M and 

35   C recording heads need not necessarily have the same Vd. 
In the present invention, the liquid formulation and the ink may be Imparted In a shot quantity ratio of I: I per unit 

area on the recording medium in its image forming areas, or may bo in a ratio of liquid formulation : ink - 1:10 to 8:10. 
By doing so. solid uniformity of imaoes formed can be achieved. The shot quantity ratio between the liquid formulation 
and the ink per unii area on the recording medium in its image forming areas can be adjusted, e.g.. in the following way: 
The number of pixels held by the liquid formulation applying onto the recording medium is controlled so as tn be in the 
range Of from 10 to 80 % of the number of pixels held Dy tne Ink applying onto the recording medium; the liquid formu- 
lation and the ink are both imparted by ink jot recording, where the ejection quantity of the liquid formulation is control- 
led so as to be smaller than the ejection quantity of the ink: or. in combination of these, the number of pixels neia by the 
liquid formulation applying onto the recording medium is controlled so as to be in the range of from 10 to 80 % of the 

45 number of pixels held by the ink applying onto the recording medium, and also the liquid formulation and the ink are 
both imparted Dy ink-jet recording, where the ejection quantity of the liquid formulation is controlled so as to be smaller 
than the ejection quantity of the ink. 

In the present invention, the liquid formulation and the ink are both imoarted by ink-jet recording and also heaas 
haviny a high recording density are used, where tine ejection quantity per dot fortho both heads are made smaller ae 

50   in the range of from 2 to 25 pi. By doing so, the ink can be prevented from causing feathering and more detailed imagea 
having a higher character quality level can be obtained. 

\ low the liquid composition and the ink are imparted to the reoording medium in the ink-jot recording apparatus as 
previously described will he described below. 

The reooidiny process according to the present invention has the two step6 of (A) imparting the liquid formulation 
ss   containing at teact the cationic polymer, onto a recording medium, and (B) imparting the ink containing at feast the ani- 

onic substance, onto the recording medium by ejecting It from ejection orifices in tne rorm of droplets In accordance with 
recording signals. 

The steo (A) is carried out in order to achieve both a good character quality level and an improvement or fixation OT 
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recorded images formed by the step (B) and also for the puipusw uf prevailing bleeding and improving water fastness 
of the imagee. Tne step (A) may be carried out prior to the step (B), or the step (A) may bo carried out after the step (B), 
without any problem. This is because, whichever step is carried out tirst. the catiomc polymer in the liquid formulation 
and the anionic substance in the ink mix on the recording medium to form aggregates. Trom the viewpoint of improving 
image optical density and fixing performance, it is preferable to carry out the step (A) after the step (B) and subse- 
quently further carry out the step (B). 

In the case when the step (A) is carried out prior to the step (B), there are no particular limitations on the time taken 
after the liquid formulation has been applied to the recording medium and before the ink is applied In order to make the 
present Invention more effective, The latter may preferably be carried out within several seconds, and particularly pref- 
erably within 1 cccond. Tho camo applioc alco whon the etcp (A) ie carried out after the etep (B). 

The oresent invention will be described below in greater detail by giving bxampies. 

Examples 1 to 6 

Liquid formulations S-1 to S-6 were prepared. 

S-1: 

Polyallyiamine (weight average molecular weight; 600) 4.0 % by weight 

Glycerol 7.0 % by weight 

niftthyffinfi rjfycnl 5.0 % by weight 

Acetic acid 3.5 % by weight 

Water balance 

S-2; 

Polyallylamine (weight average molecular weight: 600) 4.0 % by weight 

Benzalkonium chloride (ti-50; available from Sanyo Chemical maustries, Ltd.) 0.6 To by weight 

Glycerol 7 0 % by weight 

Diethylene glycol 6.0 % by weight 

Acetic add 3.5% by weigh: 

Water balance 

6-3: 

PclyaHytaminc (weight average molecular weight; €00) 4.0% by weight 

Benzalkonium chloride (Q-50; available from Sanyo Chemical Indublfies, Ltd.) 0.5 % by weight 

Glycerol 7.0 % by weight 

Diethylene glycol 5.0 % by weight 

Tn ethylene glycol icionuuutyl ©lliw 3.0 % by weight 

Water balance 
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5-4: 

Polyallyl&HliMo (weiyhi average muta;ul«i woiyhl. 1,300) 4.0 % by weiyhl 

Glycerol 7.0% by weight 

Diethyl one glycol 5.0 % by weight 

Acetic acid 3.5 % by weighi 

Water Dalance 

S-5: 
C 

1$ 

S-6: 

Polyallylamine (weight average molecular weight: 1.300) 

Benxalkonium chloride (G-50; available from Sanyo ChemicaUnduetriee, Ltd.) 

Glycerol 

Uiethylene glycol 

Acetic acid 

Water 

4.0 % by weight 

0.5 % by weight 

7,0 % by weight 

5.0 % by weighi 

3.5% by weight 

balance 

Polyallylamine (weight average molecular weight: 1,300) 

Benzalkonium chloride (G-50; available from Sanyo Chemical Industries, Ltd.) 

Glycerol 

Dieihylene glycol 

Triethylene glycol monobuty) ether 

Water 

4.0 %Dy weight 

0.5 %hy weight 

7.0 % by weight 

5.0 % by weight 

3.0 % by weight 

balance 

Next, as Dk, Y. M and C inks, color inks Bk-1, Y-1, M-l and t>1 each having the following composition were pre- 
4ft pared. 

Bk-1: 

"ci Direct Black 168 2.5 % by weight 

C.I. Direct Blue 199 0.5 % by weight 

C.I. Direct Yellow 86 0.3 % by weight 

Glycerol 8.0 % by weight 

Ethylene glycol 8.0 % by weight 

Urea 5.0 % by weight 
Water balance 
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Y-1: 

C.I. Direct Yellow 132 

Glycerol 

Diethylene glycol 

Acetylene glycol type surface active agent (ACETYLENOL EH, trade name; available from 
Kawaken Fine Chemicals Co.. Ltd.) 

Water 

2.5 % by weight 

7.0 % by weight 

8.0 % by weight 

0.7% by weight 

balance 

M-l: 

CI. Acid Red 92 

Glycerol 

Diethylene glycol 

Acetylene glycol type surface active agent (ACE7YLENOL EH, trade name; available from 
Kawaken Fine Chemicals Co., Ltd.) 

Water 

2.5 %uy weight 

7.0 % by weight 

$.0 % by weight 

0.7 % by weight 

balanoc 

C-1: 

C.I. Direct Blue 190 3.0 % by weight 

Glycerol 7.0% by weight 

Diethyl en e glycol 8.0% by weight 

Acetylene glycol type surface active agent (ACETYLENOL EH, trade name; available from 0.7% by weight 
Kawaken Fine Chemicals Co.. Ltd.) 

Water balance 

40 The liquid formulations and inks thus prepared were ejected from heads constructed in entirely the same manner 
as shown in tne second example or neao* construction, to carry out color recording at 6UU dpi using heads having the 
following ejection quantities for each ink and liquid formulation. 

Liquid formulation 15 pi/dot 

Bk-1 20 pi/dot 

Y-1 15pl/dot 

M-1 i5pl/dot 

C-1 15 pl/dot 

The pu&itruns at whigh [he liquid furmuialiun was applied un the i Guiding medium were electrically controlled so 
ss   as to bo precisely coincide with the positions at which the inks were shot to make a record. As recording media on which 

images were recorded, sheets of PB paper (paper used for copying machines and ink«jet recording in common), avail- 
able from CANON INC, were used. 

Fvaluatinn was rrwrte on the following items, hy the following methods and according to the followina criteria. 
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(1) Image optical density: 

Image densities at W«ck solid print areas wore measured using MacBeth RD915. 
An OD (uptical density) value of 1.35 or aoove was evaluated as "AAM; from 1.3 to less tnan 1.35, as "A": from 1.2 

5    to Iocs than 1.3, as "B°; and leee than 1,2, ac "C'\ 

(2) Color bleeding: 

Black characters contrasting with a yellow solid print background were printed, and the state of Weeding was visu- 
to   ally evaluated. Evaluation rccultc were ranked in the following way, 

AA: No bleeding was seen at all. 
A: BleedinQ slightly occurred, but no problem in practical use. 
B: Bleeding occurs and there was a problem In practical use. 

T5   C: There was a problem in practical use. 

(3) Water fastness: 

Solid prints in BK, Y, M, C. R. G and B were respectively printed, and thereafter, a day after, were dipped in tap 
:?n   water for 3 seconds, followed by drying. OD values at the initial etagc and OD valuee after the test were compared to 

determine residual OD percentages. 

AA; Residual OD value was 95 % or mom. 
A: Residual OD value was from 85 % to less than 95 %. 

9fi   B: Residual OD value was from 75 % to lees than 85 %. 
C: Residual OD value was less than 75 %. 

(4) Ejection stability (frequency responsp.) rrf liquid formulation- 

so        What percent (%) the ejection volume per dot at the time of ejection at a frequency of S kHs wae with rccpcct to the 
ejection volume per dot at the time of ejection at a frequency of 100 Hz was examined to make evaluation. 

AA: 90 % or more. 
A: From 80 % to less ih&n 90 %. 

.ts   B: From 70 % to less than 80 %. 
C; Less tnan 70 %. 

(5) Start-up performance of liauid formulation: 

Dot lines as shown in Fig. 12 were repeatedly printed to form several linee (10 linee), and then etopped recording 
for a certain time. Thereafter, the longest cause time aner which normal recording was possible in an attempt to again 
print like patterns was measured to make evaluation of start-up performance. Measured in an environment at 25'C and 
50%RH. 

d.*   AA:  . The longest pause time was 10 seconds or more. 
A:      The longest pause time was from 5 seconds to less than 10 seconds, 
B:       The longest pause time wae from 3 seconds to less than 5 seconds. 
C:      The longest pause time was less than 3 aGconris 

50   (6) Anti-dogging performance of liquid formulation: 

In a ctatc where the recording head and the reservoir were connected, the recording head was capped with a cap- 
ping rubber and then left to stand in an environment at 3590 and 10 % RH for ? weete and thereafter in an environment 
at 25*C and 50 % RH for 2 hours. 

■«        In that state, a usual suction restoration system was used to measure how many timee the euction had to bo 
repeated until normal recording was restored, to maKe evaluation of anti-stickmg performance. 

AA:     Restored after sucking twice at most. 
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A; " Restored after sucking five times at most. 
B.       Restored after sucking t*n limes at most. 
C:      Not ejected from soma nozzles whatever times the suction was repeated, and perfectly normal printing w*.s nnt 

restored. 

Evaluation Results in Examples 1-6 are shown in Table 1. 

Tahlo 1 

10 Example: 0) (2) (3) w (5) m 

1 A AA AA AA AA AA 

2 A AA AA AA AA AA 

15 3 A AA AA AA AA AA 

4 A AA AA A A AA 

5 A AA AA A A AA 

G A AA AA A AA AA 

20 

25 

(1) : Image optica! density 
(2) : Color bleeding 
(3) : Water fastness 
(4) : Ejection stability of liquid formulation 
(5) : Start-up performance of liquid formulation 
(0): Anti-clogglng performance of liquid formulation 

FTfftmplfi* 7 tn 1 ? 

30        Liquid formulations S-7 to S-12 were prepared. 

S-7: 

Polyoltyfaminc (weight average molecular weight: 500) 4.0 % by weight 

Glycerol 7.0 % by wyight 

Oiethylene glycol 5,0 % by weight 

Acetic acid 3.5 % by weight 

Water balance 

Pulyallylamirle (weiyhl avwiayt* rnuldcular weight. 500) 4.0% by weight 

Benzalkonium chloride (G-50; available from Sanyo Chemical industries, Ltd.) 1.0% by weigru 

Glycerol 7.0 % by weight 

Diethylene glycol 5.0 % by weight 

Acetic acid 3.5% by weight 

Water halanca 

14 
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5-9; 

Pcilyatlylainin* (weiyhl aveiaye inuletulai weight. 5O0) 4.0 % by weight 
5 Benzaltonium chloride (Q-50: available from Sanyo Chemical Industries, Ltd.) 1.0% by weight 

Glycerol 7.0 % by weight 

Diethylene glycol 5.0 % by weight 

10 Triethylene glycol monobutyl ether 3.0 % by weiant 

Wfltor balance 

S-10; 
1S 

Pulyallylarnine (weight average molecular weight; 900) 4.0 % by weight 

Glycerol 7.0 % by weight 

Diethylene glycol 5.0 % by weight 

Acetic acid 3.5 % by weight 

water balance 

2? 
S-11: 

so 
Poiyallyiamine [weight average molecular weight: 900) 4.0 %oy weight 

Renzalknnium chloride (H-fto; available fmm Sanyn Chemical Industries. I tri ) 1 n % hy weight 

Glycerol 7.0 % by weight 

DIethylene glycol 5.0 % by weight 

55 Acetic acid 3.5 % by weight 

Water balance 

3-12: 

Polyallytamine (weight average molecular weight: 900) 4.0 % by weight 

Benzaikomum chloride (U-50; available from Sanyo Chemical industries, Ltd.) 1.0 % by weight 

Glycerol 7.0 % by weight 

Dlethylene glycol 5.0 % by weight 

"methylene glycol monoouryl etner 3.0 % by weight 

Water balance 
*0 

A8 inka, the following 8k-2, Y-2, M-2 and C-2 each having the following compoeition were used. 

15 



GG/G5/1000   11:GO 17G301G1727 on I PAT PACC 1G 

BP 0 322 004 A2 

Bk-2. 

C.I. Direct Black 188 2.5 % by weight 
5 CI. Direct Blue 199 0.5% by weight 

C.L Direct Yellow 80 0.3% by weight 

Glycerol 8.0 % by weight 

70 Etnyiene glycol 8.0% by weight 

5 0% by weight 

Isopropyi alcohol 4.0% by weight 

Water balance 
75 

Y2: 

C.L Direct Yellow 132 2.S % by weight 

Glycerol 7.0 %by w*ighl 

Diethylene glycol 8.0 % by weight 

Acetylene glycol typa surface actK/a agent (ACETYLSNOL EH, trade name; availabla from 
KawaKen Fine Chemicals Co., Ltd.) 

0.1 % by weight 

Isnprnpyl alrvihnl 9 5 % by weight 

Water balance 

M-2; 

C.L Acid Red 92 2.5% by weight 
as 

Glycerol 7,0 % by weight 

Diethylene glycol 8.0 % by weight 

40 

Acetylene glycol lyp* surface aciiv* ageni (ACETYLENOL EH, uade name, available from 
Kawakan Fine Chemicals Co., Ltd.) 

0.1 % by weight 

Isopropy! alcohol 2.5 % by weight 

Water balance 

45 C-P- 

C 1 C 1 Direct Blue 199 3 0 % by waight 

Glycerol 7.0 % by weight 

Diethylene glycol 8.0 % by weight 

Acetylene glycol type surface active agent (ACETYLENOL EH, trade name: available from 
Kawaken Fin* Chemical* Co., Ud.) 

0.1 % by weight 

Isopropyl alcohol 4\b% by weight 

Water balance 

16 
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Characters were pinied at 600 dpi using heads constructed in the same marine* as shown hi Ihe UfircJ tuample of 
head construction, the heade having the following ejection quantities per dot 

Liquid formulation 7 pl/doi 

Bk-2 l5p!/dol 

Y-2 7pi/dot 

M-2 7 pi/dot 

C2 7 pJ/dot 

The image quality, reliability uf liquid formulation and other performances were evaluated on the same ileifi« and 
is   by the same-manner as Examples 1 to 6, 

bvaiuation Hesuits in bxamples 7-12 are shown in labia 2. 

Table 2 
20 

25 

30 

35 

Example: (1) (2) (3). (4) (5) (6) 

7 AA AA AA AA A AA 

8 AA AA AA AA A ' AA 

9 AA AA AA AA AA AA 

1U AA AA AA A A A 

11 AA AA AA A A A 

12 AA AA AA A AA A 

(1) ; In ray e optical density 
(2) : Color bleeding 
(3) : Water fastness 
(4) : ejection stability of liquid formulation 
(5) " Start-up perforrrwnra nf liquid formulation 
(6) : Anti-clogging performance of liquki formulation 

As specifically described above by giving Examples, in the color ink-jet recording made on a recording medium by 
using a liquid formulation and inks in combination, the former being different from an ink, in particular, in the color ink- 

w jet recording carried out using the recording head having an Ink ejection volume per dot of from 2 to 25 pi, it is possible 
io provide an ink-jet recording process in which a high image optical density, a high image uniformity, a good color 
bleeding prevention and a high water fastness can be achieved, at the same time the liquid formulation different from 
an ink ran bfi stably fijecteri at a high reliability with respect to the recording head which ejects it, La., over the range 
having a high fiequency, and also such ejection stability can be maintained even with change* in surrounding environ- 

4S   mental conditions, promising superior antl-sticking performance, durability and so forth. 

Claims 

1. An ink-jet recording process for forming a color image on a recording medium using a liquid formulation and a color 
so        ink in combination, wherein said liquid formulation contains a cationic polymer having a weight-average molecular 

weight in the range of from 4U0 to 1,4UU, and said liquid formulation and said ink are each ejected from a recording 
head having an ink ejection volume per dot of from 2 to 25 picolitters. 

2. The ink-jet recording process according to claim 1, wherein said cationic polymer is polyallyfamine. 
55 

3. The ink-jet recording process according to claim i, wherein saw liquid formulation further contains a quaternary 
amino having 8 or more carbon atomc. 

17 
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4.  The ink-jet lecuidiny piucebs according to claim 3, wheitan baid quaternary amine is benzatkuriium chloride. 

$   Th<? ink-jot recording process according to daim 1. wherein said ink is an aqueous ink 

6    6.   The ink-jot rocording proccee according to claim 1. wherein caid liquid formulation further contains a tricthylcnc gly 
col monoalkyl ether or a diethylene glycol monoalkyl ether. 

7.   The ink-jet recording process according in claim 1. wherein said liquid formulation is an aqueous liquid formulation 

io   8.   The Ink-jot recording process according to claim 6, wherein eaid triethyiono glycol monoalkyl other or diothylono 
glycol monoalkyl ether is contained in an amount ranging from 0.5 % by weight to 5 % by weight. 

9.  The ink-jet recording process according tn daim 1. wherein said liquid fnrmulation further contains glycerol 

T5   10. The ink^jet recording process according to claim 1, wherein said liquid formulation has apH in the range of from 3 
to U. 

11. The ink-jet recording process according to claim 1, wherein said liquid formulation has a pH in the range of from 6 
to 9. 

20 
12. The ink-jet recording process according to claim l. wnerem said ink comprises a plurality ot inks used in combina- 

tion which are selected from the group consisting of yellow ink, magenta ink. cyan ink and black ink. 

13. The ink-jet recoiling process according lo claim 1, wherein said ink to an aqueous ink containing a dye having an 
&        anionic group. 

14. The ink-jet recording procccc according to claim 1, wherein caid ink ic an aqucouc ink containing on anionic com- 
pound and a pigment. 

."o   15. The ink-jet recording process according to claim 1, wherein said liquid formulation is ejected prior to the ejection of 
said ink. 

16. The ink-jet recording process according to claim 1. wherein said liquid formulation is ejected after the ejection of 
said ink. 

ax 
17. The Ink-jet recording process according to claim i, wherein ejection of said ink, ejection ot said liquid formulation 

and ejeotion of caid ink arc cuoocasivcly carried out. 

18. The ink-jet recording process according to claim 1, wherein said recording head ejects said liquid formulation and 
to        said ink by applying heat energy to them. 

18 
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FIG. 3 
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FIG. 4 

20 



. QC/Q5/1QQ0   11:30 170301G1727 OPTIPAT 

EP 0 822 094 A2 

PAGE 21 

FIG. 5 
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FIG. 7 
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FIG. 9 
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